In 12 patients with atrial septal defect or anomalous pulmonary venous connection, pulmonary vein wedge mean pressure uniformly exceeded mean pressure in the left atrium or pulmonary vein and with one exception was less than mean pressure in the pulmonary artery. There was a positive correlation between pulmonary arteriolar resistance and the difference in pressure between pulmonary artery and pulmonary vein wedge position. The oxygen saturation of blood, withdrawn from the pulmonary vein wedge position, uniformly exceeded that of left atrial and usually also that of pulmonary vein blood. W HEN a cardiac catheter is wedged in a branch of a pulmonary vein, a pressure pulse is recorded which has been found to differ both in magnitude and contour from those recorded in the pulmonary vein, pulmonary artery and pulmonary artery wedge positions. The discrepancy between these pressures was first demonstrated by Hellems and associates 1 in normal dogs in which the pulmonary vein wedge pressure consistently exceeded the pulmonary artery wedge pressure, the average pressure difference in 6 dogs being 4 mm. of mercury.
In 12 patients with atrial septal defect or anomalous pulmonary venous connection, pulmonary vein wedge mean pressure uniformly exceeded mean pressure in the left atrium or pulmonary vein and with one exception was less than mean pressure in the pulmonary artery. There was a positive correlation between pulmonary arteriolar resistance and the difference in pressure between pulmonary artery and pulmonary vein wedge position. The oxygen saturation of blood, withdrawn from the pulmonary vein wedge position, uniformly exceeded that of left atrial and usually also that of pulmonary vein blood. W HEN a cardiac catheter is wedged in a branch of a pulmonary vein, a pressure pulse is recorded which has been found to differ both in magnitude and contour from those recorded in the pulmonary vein, pulmonary artery and pulmonary artery wedge positions. The discrepancy between these pressures was first demonstrated by Hellems and associates 1 in normal dogs in which the pulmonary vein wedge pressure consistently exceeded the pulmonary artery wedge pressure, the average pressure difference in 6 dogs being 4 mm. of mercury.
In 1952 Weissel and associates 2 reported that pressure pulses recorded from a catheter whose tip was wedged into a pulmonary venous branch were similar to arterial pulsations. The mean pressure was greater than that of the pulmonary veins and both atria, and a considerable time-lag was evident between the onsets of systolic pressures in the pulmonary artery and in the blocked pulmonary vein.
It is the purpose of this paper to present the findings at routine cardiac catheterization in 12 patients, in each of whom it was possible to wedge the catheter in a branch of a pulmonary vein. In 9 of these patients the catheter was introduced into a pulmonary vein through an atrial septal defect; in 3 patients, it was introduced directly into a pulmonary vein which drained into the right side of the heart.
METHOD
During cardiac catheterization the procedure and recording systems were those previously described*. The catheters used were of the Cournand type, size no. 4 to no. 7 with three terminal orifices (birdseye tip without terminal grooves).
Zero level for all pressure measurements was the mid anteroposterior chest level at the sternal end of the third intercostal space. Integrated mean pulmonary artery, pulmonary vein and pulmonary vein wedge pressures were measured with a compensating polar planimeter during one or two complete respiratory cycles. Total pulmonary resistance and pulmonary arteriolar resistance were calculated as described by Dexter and co-workers 4 .
Blood samples were analyzed for oxygen content and capacity by the method of Van Slyke and for oxygen saturation by the cuvette oximeter. Table 1 presents the relevant findings in the 12 patients. In all cases the pulmonary vein wedge mean pressure exceeded the mean pressure in the unobstructed pulmonary vein. In 8 of the 9 patients in whom pulmonary artery pressure was recorded, the pulmonary artery mean pressure exceeded the pulmonary vein wedge mean pressure and, in the remaining patient (case 11), these pressures were practically identical. In no instance did the pulmonary vein wedge mean pressure exceed 30.5 mm. of mercury. The gradient between pulmonary artery mean pressure and pulmonary At the signal the catheter tip was withdrawn from the pulmonary vein wedge position to the pulmonary vein. Note the delay in onset in the pulmonary vein wedge pulse and the slightly diminished amplitude of this pulse as compared with that of the pulmonary artery, though the mean pressures were practically identical (Case 11: patient with atrial septal defect and partial anomalous pulmonary venous connection.)
RESULTS
Bottom Panel: Pulmonary vein wedge and pulmonary vein pressure in patient with anomalous pulmonary venous connection (Case 6). Note that pulmonary vein wedge pulse resembles a damped pulmonary artery pulse in contour. in 9 of these patients from whom, blood samples were obtained with the catheter tip wedged in a branch of a pulmonary vein. In 6, the oxygen saturation was greater in the blood from the pulmonary vein wedge position than in the blood sample drawn from the pulmonary vein or left atrium after the catheter had been withdrawn from the vein wedge position. In 1 instance the oxygen saturation was not measured. In the remaining 2 patients, saturations were identical, though an appreciable difference in pressure and contour was seen on comparison of the pulses recorded in the pulmonary vein wedge position and pulmonary vein positions.
In table 2 a comparison is made between the mean pressure gradient from pulmonary artery to pulmonary vein wedge and the calculated pulmonary vascular resistances in each of 6 patients. There is a positive correlation between the pressure gradient from the pulmonary artery to the pulmonary vein wedge position and the pulmonary arteriolar resistance.
COMMENT
The findings in our patients are similar to those of Weissel and associates 2 and of Weissel 6 but differ appreciably from those reported by Haddy and associates* and by Wilson and associates 7 , the latter groups having found a close approximation between pulmonary artery mean pressure and pulmonary vein wedge mean pressure. The discrepancies between the findings in these two series of cases would not appear to be due to differences in the type of catheter used, since the same type (birds-eye tip) was used by Haddy and by us, while endtip catheters were used by Wilson and by Weissel. Wilson's patients and Haddy's dogs were anesthetized, and it would seem probable that anesthesia produces changes in the pulmonary vascular resistance. Wilson's patients were studied in the open-chest condition, while the chests of the patients in Weissel's and the present series were intact. Another possible reason for the reported differences in the correlation between pulmonary vein wedge pressure and pulmonary artery pressure would appear to lie in the type of disease process present. All of the patients in the present series and those of Weissel and associates were characterized by the presence of atrial septal defect or anomalous pulmonary venous connection; and in several of the patients, pulmonary When a catheter is wedged in a branch of the pulmonary artery, the catheter obstructs blood flow in the segment of lung supplied by the vessel. This was seen as a pearly white area in the lungs of open-chest dogs studied by van Bogaert and associates 8 . However, when a catheter is wedged in a branch of a pulmonary vein, engorgement of the vessel distal to the catheter tip must occur. If anastomoses do not exist at the arteriolar or capillary level, then the pressure within the obstructed vessel must build up until it approximates that in the pulmonary artery (that is, if pulmonary artery branch to pulmonary vein branch is a closed segment). If anastomoses are present in the region between the obstructed branch of the pulmonary vein and the corresponding branch of the pulmonary artery, the pressure will build up within the obstructed vessel until it exceeds that in the anastomotic vessel, and will be maintained at a level sufficient to cause a pressure gradient and flow of blood from the congested area.
One other factor must be considered in patients with pulmonary hypertension. In such patients, changes have been observed consistently in the pulmonary arterioles which tend to cut down pulmonary blood flow 8 ' 10 ; thus a greater dissipation of energy at the level of the arterioles may be expected in patients with pulmonary hypertension than in normotensive patients. Collected data suggest that in patients with increased pulmonary blood flow due to arteriovenous shunt, the pulmonary vascular resistance tends to maintain at the arterial end of the pulmonary capillary a mean pressure not greater than the "pulmonary edema" level of 30 mm. of mercury in spite of grossly elevated pulmonary artery pressures in some instances.
Tobin and Zariquiey" have been able to demonstrate arteriovenous shunts, many times larger than the accepted diameter of capillaries in isolated human lungs with little or no pulmonary pathologic change; also, Rahn, Stroud and Tobin 12 have found shunts, demonstrable by cinefluorography, between the pulmonary artery and pulmonary vein in dogs.
It is conceivable that, when pulmonary blood flow is increased as in left-to-right shunt caused by atrial septal defect or anomalous pulmonary venous drainage, these arteriovenous connections, normally closed are open. The presence of such shunts with associated pulmonary arteriolar changes in patients with pulmonary hypertension may explain the differences between pulmonary artery pressure and pulmonary vein wedge pressure in patients with atrial septal defect and elevated pulmonary artery pressure. Where pulmonary blood flow is not increased, as in the normal lung, or in the patient with mitral stenosis, the same mechanism may not operate, and pulmonary artery and pulmonary vein wedge pressures may be similar.
Oxygen Saturation of Pulmonary Vein Wedge Blood Samples
In all instances, blood of high saturation was obtained from the pulmonary vein wedge position and the saturation was greater than that of blood obtained from the left atrium. This might be explained in three ways: (l) that the catheter in the left atrium sampled left atrial blood with an admixture of desaturated shunted blood from the right atrium (this certainly was the case in 3 of the patients studied, in whom mean right atrial pressure exceeded that in the left atrium and in whom a venous-arterial shunt was present producing peripheral arterial desaturation, table 1); (2) that, owing to congestion of the segment of lung in which the catheter was wedged, an increase in the ventilation/perfusion ratio was produced and a greater time was available during which saturation of the blood with oxygen might occur, or (3) that blood samples from the left atrium contained a greater admixture of bronchial venous blood than did samples from the pulmonary vein wedge position.
The oxygen saturation level of blood samples obtained from the pulmonary vein wedge position was similar to that which has been reported in blood samples from the pulmonary artery wedge position."
The data establish that the pressures measured by catheters wedged on the arterial and venous sides of the pulmonary capillary bed may differ greatly and that the mean pressure in the pulmonary capillary may not be reliably measured by either catheter. In long-standing mitral valve disease with pulmonary hypertension (as in case 9) pulmonary vascular changes might act to maintain the pressure at the arterial end of the capillary bed at a level only slightly greater than that at the venous end. Under such circumstances the catheter wedged in a branch of the pulmonary artery has been found to measure a pressure approximating closely the mean pulmonary capillary pressure.
SUMMARY AND CONCLUSIONS
Findings obtained during cardiac catheterization are presented from 12 patients, with atrial septal defect, anomalous pulmonary venous connection or both, in whom pressures were recorded with the catheter wedged in a pulmonary vein.
In all instances the pulmonary vein wedge mean pressure exceeded the mean pressure in left atrium or pulmonary vein.
In every case except one, pulmonary vein wedge mean pressure was less than that in the pulmonary artery. When pulmonary artery pressure was normal, the pulmonary vein wedge pulse resembled the pulmonary artery pulse most closely, both in pressure and in contour. When pulmonary artery pressure was elevated the pulmonary vein wedge pulse bore little or no resemblance to the pulmonary artery pulse either in contour or in pressure level.
The data indicate that there is a positive correlation between the magnitude of pulmonary arteriolar resistance and the difference in pressure between the pulmonary artery and pulmonary vein wedge position.
The oxygen saturation of blood samples from the pulmonary vein wedge position averaged 98.5 per cent and uniformly exceeded the oxygen saturation of left atrial blood. It usually also exceeded the oxygen saturation of pulmonary vein blood. The use of the expression "pulmonary capillary pressure" to describe the pressure recorded when a catheter is wedged in a branch of the pulmonary artery is usually approximately correct in normal subjects, and in patients with mitral valve disease of long duration causing pulmonary hypertension. In these circumstances the gradient between the arterial and the venous end of the pulmonary capillary may be very small. Under other circumstances, the mean pressure in the pulmonary capillary may not be estimated with certainty by a catheter wedged in a vessel either on the arterial or on the venous side of the pulmouary capillary bed.
